Please find attached the revised manuscript initially entitled "Variability of tropospheric methane above the Mediterranean Basin inferred from satellite and model data" by Ph. Ricaud and coauthors, together with the replies to the comments from the reviewers.
Replies to the reviewers Version 14, 29 July 2014
Firstly, we would like to thank the two anonymous reviewers for their very fruitful comments, together with the comments from Dr Georgoulias. We have replied in detail below to all the questions and comments. We have considerably modified the manuscript in order to clarify the motivations and the main outcomes of the study. We hope the manuscript meets the high scientific standard of the ACP journal to be accepted for publication.
Secondly, in order to reply to several comments related to the motivations of our study, we have modified the title to explicitly focus on the processes studied. The title has thus been changed from:
Variability of tropospheric methane above the Mediterranean Basin inferred from satellite and model data to:
Impact of the Asian Monsoon Anticyclone on the Variability of mid-to-upper tropospheric methane above the Mediterranean Basin
We hope this change in the title of the manuscript will be acceptable in the review process of the ACP journal.
→ We were not aware about this paper. We thank Dr Georgoulias to send a short comment relevant to our discussion. The reference of the paper has indeed been inserted in the revised manuscript for three main reasons. a) Indeed, this paper deals with tropospheric methane in the region of the Mediterranean Basin and a sentence has been inserted in the introduction. b) The paper is also based on the SCIAMACHY measurements of CH 4 in the NIR domain above land. Thus, we have considered a sentence related to the capabilities of the NIR measurements, compared to the SWIR and TIR measurements (see replies to the reviewer #1's comments).
c) This paper finally presents some interesting results on CH 4 from space in the vicinity of the Mediterranean Sea, but only over land and essentially over the East of the Mediterranean. The paper states that the seasonal evolution of the total columns of CH 4 as measured by SCIAMACHY in 2003 and 2004 has an obvious maximum in August above the Greater Area of the Eastern Mediterranean. The authors do not deal with the interpretation of this maximum, that at least cannot be attributable to any eruptions from mud volcanoes. Being given that the sensitivity of the SCIAMACHY CH 4 total columns covers the vertical domain 1000-200 hPa from the vertical structure of the averaging kernels presented in Buchwitz et al. (2005) , we note that 1) this maximum localized in August is consistent with our study, and 2) the impact of the Asian Monsoon Anticyclone on the CH 4 fields in the mid-toupper troposphere cannot be ruled out. This point has been underlined in the discussion section.
One new paragraph has been inserted in the discussion section together with the reference to Buchwitz et al. (2005) and to Georgoulias et al. (2011) . Finally, Georgoulias et al. (2011) present some interesting results of CH 4 from space in the vicinity of the Mediterranean Sea, but only over land and essentially over the Eastern Mediterranean. The authors found, from the total columns of CH 4 as measured by SCIAMACHY in 2003 and 2004 , an obvious maximum in August that could not be attributed to any volcano eruptions although this area hosts a significant number of geological formations that could potentially contribute to the total CH 4 burden. Being given that the sensitivity of the SCIAMACHY CH 4 total columns covers the vertical domain 1000-200 hPa from the vertical structure of the averaging kernels presented in Buchwitz et al. (2005) , we note that 1) this maximum localized in August is consistent with our study, and 2) the impact of the AMA on the CH 4 fields in the midto-upper troposphere cannot be ruled out.
Buchwitz, M., de Beek, R., Burrows, J. P., Bovensmann, H., Warneke, T., Notholt, J., Meirink, J. F., Goede, A. In addition, it would be nice if the authors added in their discussion a number of ground-based studies that were conducted in the area. It has to be highlighted that the greater Mediterranean area hosts a significant number of geological formations that could potentially contribute to the total methane burden. The authors should comment on these 3 issues and their respective influence on the results obtained.
→ Below are the replies regarding the three points.
a) As we state in the manuscript (p. 9984, l. 1), "the methane products [for IASI] are experimental products, routinely generated for demonstration and evaluation." It is one of the outcomes of the present paper to point out the quality of this satellite product, since the seasonal variation of the EastWest difference in total columns of CH 4 from IASI as delivered by EUMETSAT is consistent with theoretical results. We have inserted a sentence in that direction in the conclusions.
Despite the fact that IASI CH 4 data are not operational, the seasonal variation of the East-West difference in total columns of CH 4 from IASI as delivered by EUMETSAT is consistent with theoretical results and measurements from AIRS and IASI.
b) We agree the number of daily total column of methane is highly variable for IASI. But we can also present the same argument for the vertical profiles of AIRS, together with TANSO-FTS on GOSAT.
For that main reason we have considered monthly-averaged data into bins of 1°x1°. If we consider, over one year, the number of IASI pixels (total columns) used in each of the Western or Eastern box, we can find values ranging from 30,000 to 80,000 depending on the month considered, with a median value that can be approximated to 40,000 that is consistent with our statement p. 9995, l. 1. The values obtained for AIRS are approximately a factor 5 less than the ones obtained for AIRS. For TANSO-FTS on GOSAT, the number of pixels available in each of the boxes are much more reduced, by a factor 10 compared to IASI, mainly due to the weak quality of the calibrated spectra (L1B data) that has impacted on the quality of the vertical profiles (L2 data in version 0.1) for which only pixels with Degrees of Freedom of Signal greater than 0.6 were selected. Consequently, GOSAT monthly-averaged data appear to be slightly noisier in our analyses (see e.g. Fig. 8 ) compared to AIRS monthly-averaged data. This important point has been discussed in section 4.3 by inserting a new paragraph. Note that IASI total columns are not and cannot be directly compared with AIRS or GOSAT profiles in our analysis.
We have thus inserted a new paragraph.
We have also to remind that statistically the number of spaceborne measurements used in our analysis (see section 2) is ~5 times greater in IASI compared to AIRS, ~30 times greater in AIRS compared to GOSAT. Consequently, GOSAT monthly-averaged data appear noisier than AIRS monthly-averaged data. Note that IASI total columns are not and cannot be directly compared with AIRS or GOSAT profiles in our analysis. Nevertheless, although IASI data are not operationally produced, the IASI E-W seasonal variation is very consistent with the E-W seasonal variation as deduced from all other datasets. The monthly random error attributed to the E−W IASI CH 4 is about 0.1%, much less than the observed peak-to-peak yearly variation. We estimate that the AIRS monthly random error attributed to the E−W CH 4 is twice greater than the one calculated for IASI, and that the GOSAT monthly random error is about 5 times greater than the ones calculated for IASI. We discuss in the next section the origin of the summer peak in the E−W seasonal variation.
c) IASI, AIRS and TANSO-FTS on GOSAT are all instruments measuring CH 4 in the TIR domain, but not in the same bands. Basically, TIR measurement sensitivity is in the middle troposphere. In the literature, some pieces of information are given in order to have a broad idea of the vertical sensitivity of the measurements that depends on several key parameters mentioned in the manuscript (surface emissivity, surface temperature, thermal contrast at the surface), together with the location (latitude) of the pixel considered and the time of the day.
For GOSAT (Saitoh et al., 2012) , the CH 4 averaging kernels peak at 10 km with a sensitivity, defined as the full-width at half-maximum of the averaging kernels, from 5 to 15 km. But this averaging kernel is evaluated for measurements performed in the tropical Pacific Ocean within a box 10°N-35°N and 140°E-150°E. For IASI (Razavi et al., 2009) , the tropical CH 4 averaging kernels are centred at 10 km with a sensitivity from 5 to 15 km, consistently with GOSAT. At mid-latitudes, the CH 4 averaging kernels are centred at 8 km with a sensitivity from 4 to 14 km. For AIRS (Xiong et al., 2008) , the tropical CH 4 averaging kernels are centred at 200 hPa (~11 km) with a sensitivity from 500 to 70 hPa, consistently with GOSAT and IASI. At mid-latitudes, the CH 4 averaging kernels are centred at 300 hPa (~9 km) with a sensitivity from 700 to 100 hPa, consistently with IASI.
In conclusion, the values attached to the vertical sensitivity of the three instruments at mid-latitudes are all consistent to each other. We have outlined this point in the revised manuscript.
In section 2.1, we have defined the vertical sensitivity of the TIR measurements as:
Therefore, the vertical sensitivity of the TIR measurements, defined as the full-width at half-maximum of the averaging kernels from the optimal estimation method (Rodgers, 2000) , over the sea is consistent during day and night and concentrated in the midtroposphere.
In section 2.1.1, we have clarified the vertical sensitivity of IASI measurements.
At mid-latitudes, the vertical sensitivity of the total column CH 4 is peaking in the mid-troposphere at ~8 km from 4 to 14 km (Razavi et al., 2009 ) and, in the tropics, at ~10 km from 5 to 15 km.
In section 2.1.2, we have clarified the vertical sensitivity of AIRS measurements.
At mid-latitudes, the most sensitive layer of AIRS channels to CH 4 is at 300 hPa (~9 km) with a vertical sensitivity from 700 to 100 hPa (Xiong et al., 2008) , and, in the tropics, at 200 hPa from 500 to 70 hPa consistently with the IASI TIR measurement sensitivity.
In section 2.1.3, we have clarified the vertical sensitivity of GOSAT TANSO-FTS TIR measurements.
The TIR measurements from Band 4 (5.5-4.3 µm) provide vertical profiles of CH 4 along 7 vertical levels (Imasu et al., 2007) by using the optimal estimation method with a vertical sensitivity in the tropics peaking at 10 km (higher than at mid-latitudes) from 5 to 15 km (Saitoh et al., 2012) , consistently with the vertical sensitivity of IASI (Razavi et al., 2009 ) and AIRS (Xiong et al., 2008) in the tropics.
2.
a. The MOCAGE calculated profiles seem to be not consistent with the seasonally averaged profile obtained from AIRS and GOSAT for 2010 ( Fig. 8) neither consistent with the modeled profiles for JJA 2009 (Fig. 3) .
b. The calculated methane concentration differences between EMB and WMB by CNRM-AOCCM and LMDz-OR-INCA are not very consistent regardless of the IPCC scenarios (Fig. 10 ).
The manuscript would benefit much if the authors include a section while discussing these large discrepancies while explaining their possible reasons.
→ Below are the replies regarding the two points.
a) "The MOCAGE calculated profiles seem to be not consistent with the seasonally averaged profile obtained from AIRS and GOSAT for 2010 (Fig. 8) ." This is related to the impact of the vertical resolution of the TIR measurements vs. model data. The model data resolution can be degraded by using the averaging kernels attached to the measurements. This is explained in detail in the reply to the point 27) of the reviewer #2's comments. 
Figure 6. (From top to bottom and from left to right) Seasonally-averaged vertical profiles of CH 4 as measured by AIRS (blue lines) and GOSAT (green lines), and as calculated by MOCAGE (thin red lines) over the Eastern (dashed lines) and Western (solid lines) MBs in winter, summer, spring and autumn 2010. Also shown are the seasonally-averaged MOCAGE profiles convolved with the AIRS averaging kernels (thick red lines) for the four seasons over the Eastern (dashed lines) and Western (solid lines) MBs.
We have thus modified the section 4.2 by considering and discussing the CH 4 low bias between MOCAGE (and overall global models) and the satellite data. We have inserted a sentence relative to the low-to-mid vertical profiles of MOCAGE.
Separately, whatever the season considered, the MOCAGE low-to-mid tropospheric CH 4 is low biased compared to the measured profiles by ~150-200 ppbv.
We have inserted a sentence relative to the surface CH 4 of MOCAGE.
Near the surface, the amount of CH 4 is about 1700-1750 ppbv for MOCAGE, and is on average less than the CH 4 GOSAT data by about 150-200 ppbv. (…) Consequently, the amount of surface CH 4 in the MOCAGE run for 2010 is actually low biased by about 150-200 ppbv (8-10%) but is very consistent with the LMDz-OR-INCA surface data of ~1725-1750 ppbv over the Mediterranean (Fig. 10 ).
And we have discussed the reasons why the model CH 4 is less than observations.
Convolved MOCAGE CH 4 profiles are now consistent with AIRS CH 4 profiles whatever the season considered but a systematic low bias of ~150-200 ppbv (8-10%) between AIRS and MOCAGE convolved profiles is observed. This might be due to the fact that no a priori information contributes to the convolved profile. This is also due to the overall underestimation of CH 4 by global models. Indeed, due to coarse horizontal resolution and large uncertainties in the estimated surface emissions, tropospheric CH 4 lifetimes, e.g. evaluated by the multi-model intercomparison project ACCMIP, are about 5-13% lower than observation estimates (Naik et al., 2013; Voulgarakis et al., 2013) .
We have added two references. b) Discussion of the results shown in Fig. 10 (new Fig. 9 ).
We have detailed the interpretation of the differences seen by the models in the CH 4 E-W seasonal variation regarding the different IPCC scenarios, focussing on the layers 200 and 100 hPa.
It is not obvious to understand why the E-W seasonal variation at 200 hPa is positive in summer for RCP 4.5 and not for the other RCPs (except RCP 8.5 in August). The horizontal distribution of CH 4 calculated by the two models at 200 hPa (Fig. 11 ) drastically differs but local maxima are centred within the AMA. A zonallysymmetric structure showing a strong South-North gradient in CH 4 is modelled by CNRM-AOCCM with maxima in the tropics (1800 ppbv) and minima at high latitudes (1700 ppbv) and a local maximum centred within the core of the AMA with values greater than 1807 ppbv elongated towards two axis: 1) South-East Asia and 2) Middle East and EMB. The CH 4 field calculated by LMDz-OR-INCA considering the 4 scenarios also shows two maxima over Northern India and over North-East Asia but the horizontal distribution is not zonallysymmetric due to a zonally-asymmetric CH 4 surface field. In all the scenarios considered, the CH 4 maxima within the AMA range from 1710 to 1750 ppbv with increasing RCPs from 2.6 to 8.5. An elongated tongue of enriched CH 4 enters the EMB. More precisely, we can argue that in RCPs 2.6, 6.0 and 8.5, the primary maximum of CH 4 is located northward at 50°N, 135°E (CH 4 values greater than 1720, 1730 and 1750 ppbv, respectively) although it is a secondary maximum in RCP 4.5 (CH 4 values less than 1720 ppbv). Through longrange transport, this mid-latitude maximum is transported Eastward within a band 40°N-50°N enriching CH 4 in the WMB and producing a E-W minimum in summer for RCPs 2.6, 6.0 and 8.5. Since there is a North-South gradient with a maximum in the South for CNRM-AOCCM, CH 4 -depleted air masses reach the WMB although CH 4 -enriched air masses from the AMA reach the EMB producing a systematic peak in summer, consistently with RCP 4.5.
In the lower stratosphere (100 hPa, Fig. 9 ), all the model outputs are consistent to each other showing an annual oscillation, with a wide maximum in summer (60-80 ppbv) and a wide minimum in winter (20-35 ppbv) . This is apparently surprising keeping in mind that both models significantly differ from the surface (see Fig. 10 ) to ~500 hPa. But, in the WMB, the 100-hPa pressure corresponds to 420-K potential temperature both in summer ( Fig. 2 ) and in winter (Fig. 4) whilst, in the EMB, it corresponds to 390 K in summer and 400 K in winter, namely closer to the tropopause in summer than in winter. Consequently, whatever the model considered, the E-W CH 4 seasonal variation at 100 hPa a) is always positive and b) shows a peak in the summer period. We note that the summer peak in E−W seasonal evolution from the middle to the upper troposphere has also been observed and calculated by considering other constituents like CO and O 3 (not shown). This is the main topic of a forthcoming paper.
Specific comments: 1) p. 9979, l.3-24: I strongly suggest to insert a Table which includes all these details on the several platforms, their time of operations and the measured species.
→ A new Table 1 has been inserted according to the reviewer's comments. → We have added a sentence related to the capabilities of the NIR measurements, essentially over land.
In the NIR, analyses are essentially restricted to areas over land because the retrievals over sea are considered less reliable due to fairly low surface albedo of water, which results in low signals thus low signal-to-noise ratios (Georgoulias et al., 2011) .
Reference to Georgoulias et al. (2011) already inserted (see Short Comments from Georgoulias).
3) p. 9982, l. 23-25: The location of the statement on NCEP/NCAR Reanalysis is not appropriate, pls place it in another place along the text.
→ We indeed moved this statement to P. 9989 L. 14, and re-wrote a new sentence as:
On Figures 2 and 4 , the MOCAGE CH 4 fields are superimposed with 1) the wind fields from ARPEGE analyses and 2) the cold point tropopause pressure fields provided by the National Oceanic and Atmospheric Administration (NOAA) National Centers for Environmental Prediction (NCEP)/National Center for Atmospheric Research (NCAR) reanalyses, all these data being averaged over the same period. → Since we develop our discussion of the atmospheric conditions controlling the CH 4 spatial distribution on both, Figs. 1-6 and already published literature, we absolutely need to present first the Figures. So we did not change the order of the paragraphs as proposed by the reviewer. 6) p.9990, l. 18-20: The interpretation here is wrong. The subsidence is caused mainly by the Subtropical High positioned over the EM rather than the cooler SST as compared to the land surface temperature.
→ We agree with the reviewer that the strong subsidence observed over the MB is not due to the surface temperature difference between the sea and the continents. We have rewritten the entire sentence.
A systematic subsidence is present over the MB (Fig. 2) whatever the longitudinal bin considered due to the presence of semipermanent subtropical high pressure systems which are centred over the tropical deserts. More precisely, in the WMB, the descent is caused by the presence of a high pressure cell (Fig. 1) whilst, in the EMB, it is coming from the Hadley cell that is further displaced over the Northern Africa producing a downward branch in the area 30°N-35°N. 
Anonymous Referee #2
This study presents results of a comprehensive analysis of atmospheric methane distributions over the Mediterranean Basin in the troposphere using both satellite measurements and model simulations. Multiple instruments with varying measurement technique as well as global chemistry transport model and chemical climate models are utilized in the analyses. I found the contents of this study fairly presented and the general subject of this work has scientific significance. However, the overall structure of the paper seems to be rather poorly constructed. Below are my comments for the authors may take into consideration for improving clarity of this manuscript.
General Comments:
1.What is the motivation of this work? Apart from the satellite retrieval issues, why the Mediterranean Basin is important? Why are you looking at methane total column data from IASI and methane profiles from AIRS? Why did you include GOSAT data even though there are only few good measurements available? Why are you using model outputs from three different models? Is the purpose of this work to present model intercomparison? The selection of all the method and data used in the study has to be justified, preferentially in the introduction. . In terms of anthropogenic pollution sources, the MB is at the confluence of three continents, Europe, Africa and Asia. The impact of these distinct continental sources such as from manufactures and densely populated coastal areas (e.g. Marseille, Barcelona, Athens, Tunis, Cairo, Genoa or Roma) or forest fires (e.g. South East of France, Corsica, Portugal, and Greece) is still not well understood, especially on the O 3 and CO budgets. Besides these regional sources, polluted air masses may originate from Asia during the summer monsoon period, Africa through the Hadley cell and upper level anticyclone and North America through the westerlies. and b) the motivation of the present work:
The aim of the present paper is to assess the variability of CH 4 in the mid-to-upper troposphere between the East and the West of the Mediterranean Basin and to attribute the seasonal variability of the East-West gradient to different processes at both, synoptic and global scales depending on the season and the altitude layer considered. We will study in detail the impact of the summer-time long-range transport of CH 4 from Asia to the Eastern MB through the Asian Monsoon Anticyclone. Since we have already underlined that measurement and modeling of the tropospheric CH 4 distribution are challenging, we will adopt a climatological approach and will use a wide variety of space-borne measurements and model outputs to verify that they give consistent results.
In order to support the general description of the processes operating during the summer season on a global scale and affecting the CH 4 distribution in the Eastern Mediterranean, we have draw a schematic Figure ( 
Figure 12. Schematic representation of the processes impacting the mid-to-upper tropospheric pollutants, including CH 4 , above the Eastern Mediterranean Basin in summer (July-August). (1) Trapping of lower tropospheric pollutants in the Asian monsoon. (2) Updraft of pollutants in the Asian monsoon up to the upper troposphere. (3) Build-up of pollutants within the Asian monsoon in the upper troposphere. (4) Large-scale re-distribution of pollutants by the Asian Monsoon Anticyclone to the Middle East and North Africa in the upper troposphere. (5) Build-up of pollutants though descent down to the middle troposphere above the Eastern Mediterranean Basin.
We have also modified the title to explicitly focus on the processes studied. The title has thus been changed from:
Impact of the Asian Monsoon Anticyclone on the Variability of midto-upper tropospheric methane above the Mediterranean Basin 2.What is the main goal of this study? The authors seemed to have their main focus on the satellites and model description rather than new findings about methane climatology and transport. If the goal of this paper is to describe the data and the model, there is not much exciting science to be claimed. If the authors' intention was to focus on the methane climatology, the overall structure of this paper has to be reconsidered.
→ See point 1. above and detailed description of the main goal of the study.
3.The background of methane climatology, seasonal variability in the troposphere including what has been done or what has not been done (e.g., previous literature), why measuring methane from space is important but difficult has to be clearly mentioned. Each figure containing methane distribution has to have its own clear point, separately. In my opinion, section 3 seems to be the most important part of the paper but the inclusion of the figures are all lumped together, which makes it hard to follow the authors' explanation.
→ We have removed Figures 3 and 6 (north-south transect at different longitudes and two seasons) that did not bring too much information in order to focus on our main topic, the impact of the AMA on the mid-to-upper tropospheric CH 4 in the EMB in summer. Sections 4 and 5 are now as important as section 3 since the long-range transport is discussed in detail.
4.There seems to be lack of supporting evidence or explanation showing strong connection between methane distributions and meteorology (transport). I recommend the authors only include the wind fields when they are needed and showing clear correlation with the tracer fields. For example, Fig. 1 is a very busy plot with many arrows. Either removing the horizontal grid lines or change the color of them to gray would make the arrow look more dominant. → Secondly, in order to deal with the comment related to "lack of supporting evidence or explanation showing strong connection between methane distributions and meteorology (transport)", we have performed back-trajectory calculations over a long time period (10 years) in order to study the origin of air masses reaching the Eastern Mediterranean Basin according to the season and the pressure level considered.
We have thus inserted a new Figure We have thus inserted a new paragraph that presents the study related to the origin of air masses in summer (July-August 2001 and winter (January-March 2001 above the EMB together with the associated Figure 8 (combination of Figures 8a and b) .
In order to analyze the climalogical impact of the AMA onto the EMB, we have calculated (Fig. 8 ) the climatological six-day backtrajectories from the point at 33° N, 35° E located in the EMB (red filled circle on Fig. 8 ) based on the British Atmospheric Data Centre trajectory service (http://badc.nerc.ac.uk/community/trajectory/) from 1st July to 31st August (summer convective period) from 2001 to 2010 every 12 hours at 5 different pressure levels: 850 and 700 hPa (lower troposphere), 500 hPa (middle troposphere), and 300 and 200 hPa (upper troposphere). The position of the gravity centre of each distribution at each level is represented every 24 hours by a star on Figure 8 . Data from European Centre for Medium-Range Weather Forecasts (ECMWF) archive (2.5 degree/pressure levels) are used in the present calculation. The methodology has been first used over the Dome C (Concordia) station in Antarctica and presented in Ricaud (2014) . We have also performed the same analysis but for the winter period from 1 st January to 31 st March 2001 ). Specific Comments:
1. P9977, L28 -we can conclude -> we conclude → Done.
P9978, L2 -Is this true for the all seasons?
→ Yes, but in the lower troposphere, not in the middle troposphere. We modified the sentence into (also in the conclusion):
In the lower troposphere, the local sources of emission in the vicinity of the MB mainly affect the CH 4 variability.
3. P9978, L13 -Does the net impact refer to net radiative impact?
→ Yes, we modified the text accordingly. 10. P9980, L12 -What is the time period of ChArMEx?
→ The first phase of the ChArMEx project is 2010-2015. This has been clarified in the manuscript.
11. P9980, L14 -proposed by France -Does this mean it's only proposed or it's being conducted as well?
→ Indeed, proposed and conducted by France. Text modified accordingly.
12. P9982-, section 2 -The model and data description can be shortened by keeping the information only needed for this study. Currently, there is too much general information in section 2.
→ We have considerably shortened section 2 by 2 pages.
13. P9982, L3 -This sentence can be rewritten. 'Surface emissivity on the sea is relatively smaller in magnitude and spatially uniform compared to the one over land'.
→ Done 14. P9982, L10 -The meaning of 'somewhat consistent' is vague.
→ We removed the term "somewhat".
P9982, L24 -Does this mean NCEP/NCAR reanalysis?
→ Yes indeed, this means NCEP/NCAR reanalyses. The text has been modified accordingly.
16. P9983, L12 -Brief explanation of 'feed-forward artificial neural network' will be helpful.
→ We have simplified the presentation of the retrieval method of IASI pixel into:
The retrieval algorithm for CH 4 is based on the neural network theory adapted from Turquety et al. (2004) .
17. P9983, L24 -associated to -> associated with → Done.
18. P9984, L3 -Roughly, how many profiles are contaminated by cloud and excluded (per day or per region)?
→ We cannot answer this question. For IASI, only cloud-free pixels are retrieved. For GOSAT, only CH 4 retrievals with DOF greater than 0.6 are provided. For AIRS, only cloud-free pixels are retrieved. It is beyond the scope of this paper to go back to the calibrated spectra (Level 1 data) in order to check whether clouds interfere within the line of sight of the measurements.
To us, the most important point is to know how many pixels (profiles or total columns) are actually used in each box when considering monthly averages because this really affects the statistics thus the random noise associated to the mean. This is related to the point 20) below for which we give a detailed response (reply of the point 1.b from the reviewer#1's comments).
19. P9985, L4 -gases research -> Does this mean that this satellite is a research satellite?
→ Yes indeed, GOSAT is a research satellite, not an operational satellite. → The emissions used in the model run can be either yearly or monthly averages but, for CH 4 , these are monthly averages. We modified the text accordingly.
More precisely, the CH 4 surface emissions are monthly averages and split into anthropogenic sources taken (…).
P9987, L13 -I wonder why convection is not included in this study and what this mean to the results presented here?
→ This is an important point that requires a detailed answer.
As it is mentioned in the manuscript, the chemistry in this version of the model is computed down to the 560 hPa level while for higher pressures the mixing ratios of a number of species (namely N2O, CH4, CO, CO2, CFC11, CFC12, CFC113, CCl4, CH3CCl3, CH3Cl, HCFC22, CH3Br, H1211, H1301, Ox, O3, Cly, Bry, NOy) are relaxed towards evolving global mean surface abundances (see SPARC (2010) for the ozone depleting substances and greenhouse gases, and the CNRM-CCM technical documentation for the other compounds). Explicit wet deposition of chemical species is not considered in this version of the model, and neither are convective and turbulent transport (see Teyssèdre et al. (2007) ; Michou et al. (2011); Morgenstern et al. (2010) for further details)..
One has to note that state-of-the art CCMs rarely consider tropospheric chemistry (particularly the nonmethane hydrocarbon chemistry, NMHC) because of computer resources (among the 18 models of CCMVal-2 only 3 represented tropospheric chemical reactions, see Morgenstern et al. (2010) ). The chemical scheme we use is fully convenient for the study of all the processes within the stratosphere, the UTLS and down to the middle troposphere. This scheme has been evaluated in a large number of publications as the CCMVal-2 effort was aimed at assessing CCMs performances, both individually and collectively, among 17 other CCMs models. The evaluated processes cover radiation, stratospheric dynamics, transport in the stratosphere, stratospheric chemistry, UTLS, natural variability of stratospheric ozone, long-term projections of stratospheric ozone, and the effects of the stratosphere on the troposphere. A number of CCMVal-2 related publications appear in Michou et al. (2011) .
The choice of no considering tropospheric chemistry (especially NMHC chemistry) is scientifically coherent with not considering the meteorological processes that occur in the middle and lower troposphere: namely, i.e. dry deposition, wet deposition, diffusion and convection. We exclude these chemical/physical processes from our simulations in the sake of computing time, vital in climate modelling where transient simulations are performed. This way of taking into account the lower troposphere is common among the CCMVal-2 CCMs (see SPARC (2010)).
The impact of non considering the above-mentioned processes on the distribution of atmospheric constituents in UTLS needs to be investigated further. This is indeed one of the by-products of the present analysis. Finally, we can indeed mention that, in the lower stratosphere, CNRM-AOCCM and LMDz-OR-INCA give consistent results presented in the updated version. A new paragraph deals with this issue (see reply to the reviewer#1's point 2b).
In the lower stratosphere (100 hPa, Fig. 9 ), all the model outputs are consistent to each other showing an annual oscillation, with a wide maximum in summer (60-80 ppbv) and a wide minimum in winter (20-35 ppbv) . This is apparently surprising keeping in mind that both models significantly differ from the surface (see Fig. 10 ) to ~500 hPa. But, in the WMB, the 100-hPa pressure corresponds to 420-K potential temperature both in summer (Fig. 2 ) and in winter (Fig. 4) whilst, in the EMB, it corresponds to 390 K in summer and 400 K in winter, namely closer to the tropopause in summer than in winter. Consequently, whatever the model considered, the E-W CH 4 seasonal variation at 100 hPa a) is always positive and b) shows a peak in the summer period. We note that the summer peak in E−W seasonal evolution from the middle to the upper troposphere has also been observed and calculated by considering other constituents like CO and O 3 (not shown). This is the main topic of a forthcoming paper.
